The clinical presentation, autopsy findings and toxicology results in an acute fatality involving N-ethylpentylone, a new cathinone derivative, are described. Law enforcement transported a male who was agitated and exhibiting unusual behavior to a local hospital. Upon arrival at the hospital, his body temperature was 105.5 degrees Fahrenheit and his blood pH was 6.7. Clinical laboratory analysis revealed elevated troponins, rhabdomyolysis, hypoglycemia, hepatic and renal injury, respiratory failure and disseminated intravascular coagulation. He was intubated and admitted to the intensive care unit, treated with cooling blankets, bicarbonate and intravenous fluids. Despite medical treatment, he went into cardiac arrest and was pronounced dead~36 h after admission. Autopsy findings identified some abrasions on his arms and legs, a bloody nose and a mildly enlarged heart. Antemortem blood was analyzed by gas chromatography coupled with a mass spectrometer which identified N-ethylpentylone. Based on clinical presentation, autopsy findings and toxicology results, the medical examiner concluded the cause of death was intoxication by N-ethylpentylone and the manner of death was accident.
Introduction
Cathinone, an alkaloid structurally similar to amphetamine, was originally extracted from the fresh leaves of the Catha edulis or khat plant which is native to east Africa and the Arabian Peninsula (1-3). Synthetic structural modifications of cathinone have led to a number of so-called designer cathinone derivatives which are commonly sold as "bath salts", "plant food" or "research chemicals" which are often labeled "not for human consumption" and are available on the internet, in smoke shops or in specialty head shops. Mephedrone, methedrone, methylone and 3,4-methylenedioxypyrovalerone were the first reported cathinones which became available in 2010 (1-3). They were subsequently banned in the USA and many European countries. Since then, a new generation of designer cathinones have appeared including ethylone, butylone, pentylone and naphyrone (1) (2) (3) .
Designer cathinones have become increasingly available and abused with alarming reports from emergency rooms, poison centers and medical examiners involving severe reactions including death.
Some of the effects of cathinones include mild euphoria, sweating, dizziness, vertigo, increased alertness, anxiety, mydriasis, confusion, palpitations, tachycardia and agitation (3) (4) (5) (6) (7) (8) (9) (10) . Severe adverse effects include seizures, hyperthermia, hallucinations, nausea and vomiting, muscle spasms, rhabdomyolysis, renal failure, arrhythmia and death (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The mechanism of the severe adverse reactions is probably related to a serotonin syndrome since many of the cathinones have been shown to evoke the release of serotonin, dopamine and norepinephrine from intracellular storage vesicles (19) (20) (21) (22) . In addition, cathinones can inhibit monoamine transporters with a potency comparable to that of cocaine (19) (20) (21) (22) . To date, however, there are no publications describing the clinical effects, blood concentrations or toxicity of the new cathinone derivative, N-ethylpentylone.
In this case report, the clinical presentation, autopsy findings and toxicology results for N-ethylpentylone, are presented. N-Ethylpentylone is similar to pentylone with a simple substitution of an ethyl group for a methyl group on the nitrogen. It is available off the internet from a number of different vendors and is not currently regulated in the USA or Europe.
Case History
A 29-year-old male was seen wandering on the side of the road in a state of agitation, completely nude except for a pair of socks. Police were called and when they arrived the subject was combative, flailing his arms, disoriented and ran out into traffic and fell onto the ground. For safety reasons, police moved him out of the roadway on to the grass next to the sidewalk and placed him in handcuffs while they waited for paramedics to arrive. He was belligerent, struggled to get up multiple times and urinated on himself. Police also noted he had numerous scrapes on his legs, arms and back which appeared to be from when he was flailing around on the ground in the middle of the roadway. Paramedics responded at the scene, assessed the subject and administered 5 mg of haloperidol. While being transitioned from handcuffs to restraints for transport to the hospital, he went into pulseless electrical activity. Mask intubation was performed due to a clenched jaw, and Advanced Cardiac Life Support (ACLS) protocol was initiated which restored a pulse.
Upon arrival at the hospital, he was hypotensive and tachycardic, with a measured body temperature of 105.5 degrees Fahrenheit, requiring placement of cooling blankets. His urine drug screen was positive for opiates, benzodiazepines, amphetamines and cannabinoids. Multiple track marks were noted on his arms along with numerous abrasions on his face, shoulders, knees and feet. He went into cardiac arrest a second time and was given ACLS treatment with return of sinus rhythm. Rapid sequence intubation was performed, and he was admitted to the intensive care unit with a diagnoses of drug overdose, cardiac arrest and hyperthermia.
Arterial blood gas studies revealed extreme acidemia with a pH of <6.7. He had profuse bleeding from his nose due to severe disseminated intravascular coagulation (DIC) requiring multiple blood products, packing and embolization. Other laboratory studies revealed elevated troponins with a right bundle branch block, rhabdomyolysis, hypoglycemia, shock liver, acute kidney injury, respiratory failure and leukocytosis with a positive blood culture for Clostridium difficile for which he was given broad spectrum antibiotics. Imaging studies revealed a possible abdominal hematoma and an unremarkable computed tomography of the head.
During his brief hospitalization, his temperature decreased to 102 F, and his lactic acidosis responded to bicarbonate and intravenous fluids. However, he remained ventilator-dependent and was administered vasopressors for severe hypotension. Approximately 36 h after admission, he went into cardiac arrest for a third time, and was pronounced dead after 45 min of unsuccessful resuscitation. Clinical laboratory values over the 36 h course of his hospitalization are presented in Table I , and were remarkable for increased lactate, liver transaminases, creatinine, creatine kinase and clotting times; and decreased pH, glucose and calcium.
After he was transported to the hospital, police officers interviewed witnesses and his family members. The subject had a history of bipolar disorder with no previous suicidal ideations or attempts. He had a history of intravenous drug abuse for which he was prescribed suboxone. His friends indicated he also liked to use "mollies", which is a common local street name for 3,4-methylenedioxymethamphetamine (MDMA) or cathinones. He had recently been treated in the emergency room and diagnosed with a bacteremia, but left against medical advice. A search of the suspect's vehicle found a bottle of clonazepam which was prescribed to him, two syringes and a rock-like substance in the seat of the car. The rock-like substance was submitted to a local forensic drug laboratory and was identified as N-ethylpentylone (Figure 1 ).
Experimental, Apparatus and Methods
Blood specimens were screened for volatiles by headspace gas chromatography, drugs of abuse by immunoassay (acetaminophen, barbiturates, benzodiazepines, cannabinoids, carisoprodol/meprobamate, benzoylecgonine, fentanyl, methadone, methamphetamine/MDMA, opiates, oxycodone and salicylates) and alkaline extractable drugs by full scan gas chromatography mass spectrometry (GCMS).
N-Ethylpentylone (Figure 2 ) was identified with a routine alkaline drug screen analyzed by GCMS. Briefly, 2 mL of blood specimen was extracted with saturated borate buffer and 78:20:2 mixture of toluene, hexane and isoamyl alcohol, back extracted with sulfuric acid, neutralized and concentrated in ethyl acetate for analysis. GC/MS analysis of alkaline blood extracts was performed on an Rtx-5 (30 m × 0.25 mm × 0.25 µm) column (Restek, Bellefonte, Pennsylvania). The initial oven temperature of 100°C was held for 1 min, followed by a 15°C ramp to 230°C, then a 12°C ramp to 300°C followed by a 10 min hold. The injection port was set at 260°C (injection volume 2 µL in splitless mode). Helium was used as carrier gas at a flow rate of 1.5 mL/min. The transfer line temperature was 285°C. Full scan electron impact (EI) was used as ionization mode with an ion source temperature of 285°C (4).
An early unidentified peak containing a prominent m/z 100 ion was identified between the retention times of cotinine and caffeine. This unidentified peak also had ions in common with other cathinones including m/z 58, 121 and 149 (Figure 3) . A search of electronic libraries and websites indicated the mass spectra was similar to the spectra for N-ethylpentylone. Subsequently an analytical standard of N-ethylpentylone was purchased, spiked into blood, extracted and analyzed for comparison. The unidentified peak had the same retention time and mass spectrum as N-ethylpentylone for a definitive confirmation.
Results and Discussion
At autopsy, the decedent was found to have abrasions over his shoulders and knees and small abrasions over his face and a bloody nose. Based on review of the police report and law enforcement video showing the subject's behavior in the roadway, these injuries were due to the subject injuring himself while writhing in the roadway and not due to law enforcement restraint. He also had purple discoloration secondary to DIC. He had pleural and peritoneal effusions, a mildly enlarged heart and left ventricular hypertrophy. Cerebral edema was also noted. The right lung weighed 850 g and the left lung weighed 930 g. There were no abscesses or signs of infections. No other extrinsic disease was noted.
Toxicology testing was performed on the hospital admission samples. No volatiles were detected. The immunoassay was negative for nine different classes of drugs (acetaminophen, barbiturates, cannabinoids, carisoprodol/meprobamate, cocaine metabolite, fentanyl, methadone, oxycodone and salicylates). The immunoassay was presumptive positive for methamphetamine, opiates and benzodiazepines. Subsequent liquid chromatograph tandem mass spectrometry confirmation did not detect free morphine but confirmed total morphine at a concentration of 0.04 mg/L in admission blood, suggesting remote (not acute) opiate use. The opiate analysis also looked for 6-acetylmorphine, however none was detected. Therefore, it is not known if the morphine or heroin was used by the individual. The confirmatory testing for benzodiazepines (including clonazepam) by LC-MS/MS was negative. The confirmatory testing for amphetamine and methamphetamine by GCMS in admission blood was negative. Full scan GCMS confirmed Normal ranges are expressed in parentheses. Once N-ethylpentylone was identified and confirmed by GCMS, the laboratory made an administrative decision not to develop a quantitative method of N-ethylpentylone due to the limited volume of admission specimens in this case. In addition, developing a quantitative method is time consuming and had limited value in this case since there are no publications reporting blood concentrations of N-ethylpentylone in clinical cases or fatalities. Therefore, the concentrations for Nethylpentylone between desired, toxic and lethal effects are not known. As in many of the case reports of novel psychoactive substances, the qualitative analysis is often sufficient in cases with significant corroborating case history and clinical presentations (23) .
This case provided a rare and complete clinical course of pathophysiological changes resulting from N-ethylpentylone toxicity including behavior effects, elevated body temperature, acidosis and the sequelae of renal failure, liver failure and DIC, which is similar to other reported cathinone intoxications (3) (4) (5) (6) (7) (8) (9) (10) . Cathinones have been shown to produce dose-dependent elevated body temperatures in animals and hyperthermia has been reported in several case reports in humans (3) (4) (5) (6) (7) (8) (9) (10) .
At the time this case was analyzed, there were no publications on Nethylpentylone and its clinical effects. Therefore, in this case, the medical examiner relied upon other case reports involving different cathinones with similar clinical presentations and sequelae of events to form the basis for their conclusion. Based on the case history, police reports and video, clinical symptoms, autopsy findings, toxicology results and likely pharmacological similarity of N-ethylpentylone to other cathinones, the medical examiner concluded the cause of death in this case was intoxication by N-ethylpentylone and the manner of death was accident. This report provides valuable information to the clinical and forensic toxicology community about this new designer cathinone, N-ethylpentylone.
